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Year 

1952 
1953 
1954 
1955 
1956 
1957 

1958 
1959 
1360 
1967 
1%2 
1%3 
1964 
2965 
15% 

-‘y i 3:; $ 
1968 
1969 
1970 
2971 
1972 
1973 
1974 
1975 
1976 
1977 

1978 
1979 
1900 
1981 
1982 

:z 
1985 

Srsndatd Tam 0 Fed 

0.00 
993.05 stwt-up July 1953 

2.632.11 
6,?7l.72 

Iwludes 13.56 U$ 
Includes 65.36 U # 

5,923 ,w hcludos 33.20 U3Q8 4 lJJ25.53 Calcfned 110 
6,564,75 Includes 39,97 ‘J$: b b,524.78 Culclned UO: 

6,f.i29,42 
4,268.u 
6J97.40 
6.428.19 
:,42&J: Includes 286.35 C-400 Calcimd UOJ 

2:819: 35 Shurdum June 1964 
0.00 
o*m 7 _-e9 : . . . . . l .w _ 

3.656.03 
8,032.25 

Stafvup ddig ,5ih 

2J30.89 
5,457,73 
5,359.46 
4,P23.14 

O.dO 
364.77 Shutdown June 1977 

Includes 45.71 Cskined 0.W 00, 

0.00 
0.00 
0.00 
LOO 
O.UO 
0.00 .* 
0.00 
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EGWXiRE ASSESSHf~T - URtiIUH RECYCLE HIITERIALS 
rnmr 

R. c. Baker 

one of the factors CD be considered for reqctlng of bradfated umium is the 

exposure of pwsmnel during the cmetsim of uranium to uranium hex- 

afJuwi& me PadUCah Feed Plant processed 160,flOO tans of recyete uranium 

during the 1953-1973 period. The DOE4RD requested the paducah Gaseaus Oif - 

fwizn Plot and others to a?lfess the exposure to transuranics and fissfon 

gr~tixts CXU and Fp's) for those emglayeas ptocesslnq this mater iat, Hone of 

the arganir+tjons had rudIIy actassible records or sufficSent data to provide 

ai tinxly assessment. This report prwjdes an estlroate of the expasurcc ef 

w@ayee groups tiith eraph&S on the calculated incrematal exposure due td 

1:hg preserrce of the trace concestratians of TRU and fp's in the returned 

x&MARY .- 

From old records and intervim, estimates rere made of ZU-yaar average air 

concentrations and the particle rite of the radiodctlvt aerosols in the 

various eperations areas anIS Of themmber of hours operators spent .in each 

job. The fraction of the alrberne radiaactfvity due ta the various 

radlmuclides nas estimated for each arta. Deposftr'm factors uere taken fmm 

FIgwe 5.1 of XRP Pm 1 to provide a correction for partlcle she. External 

radf atlon exposure was detemhed by film badge d&m&y; fm thr’s the 

average annual !&year camrkted dose equfviflcnt ws cd~cu~dted to be 1-54 

-.i. ,- . .,_. ;... -y.: , . . ,.. ‘?. :.:z¶yf&*_+_ L3 3zye*r- ” .._. 
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June 1964 and f.m July 1968 through 1973. A sm\l axwnt, 365 tans. was 

processed fn early 1377, The feed plant has nat been operated since Am 

came fry the plutonium producth~reaEton at Hanford and 

It ha-s been &bWed that a total of l~,Oab tans of uranium 

tion was usually 

noted that drums 

fluoricks) nhich 

detectable. fhe contriktticm af Fp garrma to the total fadia- 

~11 canpared to that of uranium daughters. In 1957, lt was 

of fluorination system ash (unreacted uranSum bnd n~n~~f~til~ 

were stored for wer eight months (10 halfWives of 234Th) 

had two to Pfve times more gama radiation than that expected frun natural 
. 

uranium. (The tatal gamma radiation level was much leer than that m&wed 

before storage.) Uhtkr this combin&t.tton of concentratfon and agfng, fission 

products CM become the @nary SINKC of radiation. Haever, this siWW!cn 

uas rare and the total dose frpm f'ksion pro&xc& w&s inslgnlffcant compared 

m that. ftum other Qaarrpd mftterm. 
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Tlhe sbplified feed plant process used rhe 1ollmring reactions: 

Iiwuritirs in the irxod~g U03 generally stayed Mth the sblld p&ess 

material until the final fludnatinn step,’ fhere were varying degrees of 

~oncentrat$on of these bpurities In the ash Pn,ceivers, cobbling ;Iruzs, 

sintared lnetal filters and In the UFs product flcr~. .)lhen the con.verston of 

UF4 to UF6 was exceptiorraIly cffkient, tht residue was particulwly cornen- 

trated, The radioactive decay pmdoctt of 238LJ when eoncenti~ted natld en4 t 

3a383.3 -y:<fbtf~~ masfptng qrz:ater 9ar. ?XO YTY~_T.+- ~_‘.f.H CL*, .- G. . ..” , j_. a5n i-rx~~:!~~s 

(residue collectors). ‘MS material would aI= contafn 239P~ at lo to 250 

times the cmcmtratim in the feed material. (4 ppb in UOj X 250 = 1Wb ppb 

Of 1 gpm. 1 

Nlhen the eiftciency of conversion was lar and the residue (ash) was primrily 

unreacted lJF4. the radiotxt!vity uas law. Such ash was puIuerized and 

screened jn another facility and returned to the QrO~eSfi at the fluorinatim 

system. Nonml procedure for several years was tu stare the less pure ash for 

SAX mths to a year to allw the more radioactive isotopes (such as ?h} to 

kay, dissolve the ash in nitric acid and chemically separate the uranium 

f'mm the other isotopes. The uranium W= then converted to U03 for refeeding 

.-i_ I. . . , (‘:j5 i&J;” .=5rz,pl T . ...;_ -7.. - -. -.I ,_A‘ - - 
. r.rl-: . (f...++ _..- _ _..... I. .-_..- 4. . _. : ;“. .:.. : 
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f:ef:d plant ~pcr&ers ntrt assIgned tr; d2j W&k of tdattRg ShfftS, In bath 

caws they were rotafed through several specifk Jobs as briefly &s&bed 
-. 

bea[m. m potential for expmwe & di ffwent br each job but, because of 

rk job rutatIOn, the aperatom had cwarable exposure over an extended 

pe,rwl. 

1. UOj Powder HaMing- This MS primarily a day shift job involrieg 

mo 3f three ogerators. t It included unloadInq hoppers from ra?lcars or 

truc&, wdqhing, valve insfallati.~, and rranspwting to he feed patnt. 

Exposure war about 220 houn PW yecr TV 80 uranium alph; dpmh3: partkle 

ktivity !kdlan Aerodynamic Diameter (AMM) was about 10 mtcramettk (I&. 

dust esllectan. thetr typical anpgal exposure YUS 

dw/a3 and an additianai 150 hwrs to 10 alpha 

apprcxiuntefy 10 urn. 

1 -. F?uorinatlon Twer Operator. Ramally, two operators an. shift 

. ‘ 

, 
-. 

I 
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tile f~uor{dgs of wtallfc Qqwfties Including thorSum, neptunjurp, pYutonfum 
. 

and fissfon products. The LO& futne had an AMAD df abut 1 uin; a!rborne dust 

frcm clean out operatim had an AfW of abeui 3.5 to 7 ua. ti pwu) of 4 urn 

l;s assuswd for exposure ca'lculat4iuts. The annual exporum time yss 100 hwrs 

Co U0,F2 concMtrations of 150 alpha dpm/n' and 120 ham to other dust at 80 

alpha dpmk3. 

4. Cold Trap and Refrigeratfon Sysc~ztns~ In addition to operating 

,these system, the operatpr nwld cmect and distmect UF6 cyl4nders and 

ame and weigh cylinders. TLls work rarely generated air contaminetlon, 

there uwe d I'm !nStdnCH of acute exposure to UOBFt from releases of 

There w0s also chronic exposure x0 dust gemrated In other itma. 

but 

w6‘ 

The 

estimated at 4 urn). Some operators uer-e exposed to me or more releaser in 

which 1 to 2 rag of soluble uranfurn fn W2F2 was Waled. 

5, ' C-410 Control Roan Operation. hfCh Of the process MS 

instrumented and contra7kd mwtel~ nlth the qwatfng condWons displayed 

an graphic panel boards. The cmtrol room operator mmjtored the displays, 

cormnlca.red nlth the local operator, and occasionally umtt to his assfstance. 

rhe control mm, hn area of no slgnifimt exposure, u&s alsa used as the 

assigned norlt wea for pe~onnel who were placed m work restriction when 

their uranium excreticm rates eseeeded I plant action guqde. . The eMmated 

--WC.. ---.w -- ----.-~--p PI .-- --_-L-b - _-- 



6, fluorine Pt ant Opetatim. Time was assentlal\y na radiatfcrn 

(w$m%lre eu the pewmel operatin 1 ~SF aafntafnfng the fluorine plant or the 

Hf: tank farm. 1~ their normal rotation, the cperators spent about ad hours 

per gear on this jaba Q$eratorr whose urinalyses lndlcated efcretian rates 

&we tphe plant action guides my be iulgned to thfs job untl\ the rater ue~t 

within the guldts. 

During the period of 19534960, feed plant personnel werated a facitlty td 

vapor ize UFg to the easta&. There was no exposure tn TRU w Fp’s in this 

apmtt cm c 

Fraction uf Total 
Oust Alpha count 

3.3 x IO4 

1.8 x 10” 

0.5 . 

0.5 

2.8 x lo4 

__I_ ___-*-_- e----m ---. MS -.- ~~~------- 
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off gas system. 6& aperatfon resulted in higher comentwtfws but less 

need to opan the qSter. Systems with hog trouble-free operation. had 

high external radfatfon, high cmcentratfon of thoriura isotopes and 
- 

evlhanced TRU. The vulues given belou are used to represent the wide range 

of nuclide concentrati~ In the, airborne durt. 

ppmlg 

1so,txo - 

Fractim ai Total 
Dust Alpha Carnt: 

UC$F2 fume ln taver area had essentfa?ly no TRU or 23% 

cc1ntM-t. 

r!le ahve distr(butiorr of radionuclides fs considered typIcal. Pust ffoal 

:oorpcwentr rarely opened may qontaln greatly different dlstrlbutims. For 

rrample, &ust was sampled from stintered metal filters through which the Uf6 

Ias and excess fluorine had passed during 18 n~~nths of use an some RU hut 

Mnarily natural urandom. Of the total alpha act¶vIty of the dust, z3%h 

Aphas constituted 80 percent; *'%J was lass than 4 percent and *"HP was 

ASS than 1 pmmt of tk tatal activity. ’ 

. 
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Exposure was to ,F&, dust driftfng.from the teder areg and dust fruu uoj 

area. It is esthated that 80 percent of the 

percalt frQln W,. Thus, the isotopfc 

dUSt cane frqn the tidC!r 

area and 20 

foil ous: 

Isctooe 

dtstrlbufhm would be as 

dwn/g ’ 

Durt count 

120,OOU 0.07 

9,000 0,005 

0.45 

0.45 - 

0.02 

5. c-410 mtrd Roan Wwationsp 

Tne dust to uh’ich control ~OO!B operators WXE cxp~ed is assumed to hawe 

the same nucl ide dl stri bution as that ?or’ tuner QWatOI% 

. RRDIONOCLIDE INTAKE ESTIHE.S EMSED OK 
ANKUALfaP AIR CQNCE?i- 

An 4nhalation rate of 1.2 cubk neter pet hour is asswaed far the mderata 

WQPLL rate, The total acttvlty tnbaled and deposfted fn the pulmonary region 

of employee lungs Is calculated belaw: 

_w_-_-- -_~.~~~-~---~~-~~------ He- -. -- 

s-c--- 
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Tiicle Alpha 
JOJ Haurr $@a 

80 

loo 
10 

tj0 
8u 

20 

10 

0 

Resp. 
ate &iL 

1.2 

1.2 

::: 

1.2 

1.2 

1,2 

Pu 3.3 x 10-j 
Np 1.3 x 10 8 
u I.0 

Pu 3.3 x lO$ 
Hp l,8 X 10 
u 1.0 

II 1.0 
Pu 0.09 
Hp LOW 
u 0.9 

Pu 0.07 
wp 0.005 
u a.94 

--- 

. 

ffeposltlcm* Total Annual 
Factor Oeposits (dpm) 

a.05 
0.05 
0.0s 

0.05 
0.05 
0.05 

0.1 
0-l 
0.1 

- 

0.36 * 
0.19 

1 x lo3 

o”*z 
1:1 x lb3 

4.5 x IOf 
104 

1”:; x lo3 

40 
2.8 
0.5 X 103 

qepesitian factcK 1s the fractiofl of tnhaled particulate mss whjch reaches 
and is deposited in the lungs. 

. 

Tatal 1,63Q hours 
lbnexp osure hcuax 370 

Total Annual Peposit tdpa)3 
u+aniw Class w 3.9 x .lO 

Pu 180 dpa, Hp 13,9 dpnl 

Uranium Cl;rrt 0 4.5 X 20’ 

T&se total annual dep8Sfts may be cunpared to Annual Limits of Zntate (ALI) 

by dividing by 0.25, the assfgned deposition factor for dust with an PMAD of 1 

mf crameter. 

--_..-_ _-v-.--L- -em-. -s. _ .____I ---- we---- 
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iqecyele urarltutn recefved at the Paducah feed plant typically contained 7 ppln 

'9c on a llf anlum basis. It is hstlmated that 660 Kg '% was maWed in 

lOO,ooQ tam of uranfum. Technetlm dr'd nut ccmcmtrate fn any particutar 

part of the feed plant; the Input concentration was typical of that Ifi air- 

borne du%, Techlrefium accmul atrd in the cascade and In cyl Cnder heels v A 

concentration of 7 ppm malts in 2.6 X lo5 tetinetium beta dpm(gm urhnftm. 

The airborne dust had g%c beta act4 vit of about 114 of the y z34Th-Pa beta 

aC.tjul ty, except where the 234;h 
b concentraterj 3y the process, was much 

greats Annual depositian fs esrfnrated to be L,fMQ dpm (16 Bq) or kst than 

0.05 nrem/year to lungs ar attzer tlssm 

As received the recycle uranium had fission product gama a~2ivlty of less 

than me tct3Lpz ': 55% gm r.e%fyity cf aged natural wanturn. Normally soeclffe 

mrcltdes were not identffiable. HOWYW, concentratfan of fission products in 

ash made 306Ru-Rh, and " D-Mb d&actable. Gama dose mas in the tmer 

we& arand ash receivers and other tmer ~NEAI equipmnt whether fnstalled, 

ZXtWt!d, gr being cleaned was signifkant, Uore rates near or in contact with 

SW equipment. reached 1 rear/hr. AlfMt all the gama radiatjon ua5. from tk 

uranium decay chain. The dose rate from qu1pmm-t removed from the process 

dirainished at the decay rate of ?h during the ffrst months af sturage. The 

qanma radiation due to "?h-Pa was prob;rbly abvut 20 w JIIOR tt'wes that due 

to fissfon products. 

--.-SW .-__.H -“IL--I----I- -. -- --- -I--- 
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EXEHLU. EXPOSURE 
_. 

Posimetry mmds uerc revlewd for 27 operm3 

22 years of feed plant operation received most 

wka in OYeP Q pertaa of 7 'tQ 

of their exgowre tn the feed 

Of this taral the TRU and fissIa$ produce contribution fs estbated to be test 

tian 20 mrf4/yasr to the uhole body. This is based on analyses which gen- . 

erally elspressed the gama framfp's to be either ‘less than 2 percent of aged 

IwnEil u” or 

product beta 

cent of aqecl 

Wgniflcaptly 188s than 10 percent 

sctivity, other thah from '3Te, was 

numlal U.” I 

of aged normal La Fission 

repwt& as “less than 1 per- 

oosin!etry recwds of.maintmance wchanlcs assigned to the feed plan2 wepe 

also miened. Their ex~osurt~as slightly h4g)lcr than that for the.opera- 

tars. The whole body dose av*ragmi 

2.9 rcml~ar. Again, TRU and fp’s 

0.74 ma/yew and rhe skin dose averaged. 

the tatal. 

The early evraluatlon of the few anafysca fw TFN and Fp's !n tie feed pl ati 

confirmed the prediction that exposure to those radionucllder would be IR~~OP 

ccuqared to exposure to uranium. However, the project to recover afib purify ’ 

neptunium anct the discovery of rignlflcant dep&tTm of 237Up on cascade 

equipment spade monitoring for Hp necessary, Uh(le mitorlrrg 

forming m5ntenance on cascade quipmen became the highest 

uas sane monitoring of feed plant persame 

‘L2‘.%4* i w.%.J c,puntlng) b&m-e the ic&f ;13 cnt a-lesed 

personnel per- 

prior4ty, there . 

--.-. .-we.- -------_---.- .L 
------- -w _._ 
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fhe oarI jest use of a “8w C,wnterB tO check for inbrnai depctsitian of 

radjangcj ides in Paducah Plant empla,vees was Ir: 1960 and pris;arily was because 

of concerns for exposure to 237?dp. At the request of PGtJP, Y-12 calfbrated 

their in viva earm# specbmeter for qL It ws Pound that good sensi- 

tivity YES obtaInable; less the 2 pemnt af the 17 z&i M~xiavm Permissible 

Lung Bu@en (WLB) could be detected, 

In 1960, fwr chemists who worked on the development of a nffptunium recovery 

ad puiflcaticn system and were patentia~ly exposed to 237 Kp and 23gPu were 

checked in the ealibrsted Y-12 In viva SpeCbaIlekr~ No 237Kp deposits were 

fOUlId. 

In 1962, 15 employees cansfdered to be among those with the highest potentSal 

exposure to neptunium and uraniwn In each af three plant groups (n71Up . 

recovey, converter disassembly, fewf plant ooeratfbns1 were sent ta Y-12 UJ 

In 1968, the mobile In Vjvo Radiatian Honitoring L&aratory (IVRML) began 

regular visits to P6DP. Huwever, ccutlne eali bration and rxording of 

readings for lung depusdts d 237Np were not begun until 1974, after almost 

all RU had betn processed Sn C-410. .Of 66 deteminatians for feed plant 

operators, the maximum Indicated deposit rlas 0.5 nCi. This fs considered to 

be 3 percent of the HPLB. The mean determination uas not greater than that of 

unexposed cant r81 s . 

EXPDSUE OF DTtER PLAIct 6RDtJPs to ?ftu AND 
FISSIOI( P?KKlLKlS 

The iagxrT.snco af~expcsure to 

casride imirpmveojent progrm 

-_--I-. .-_-.--m---m_ --m..--. -s--.-C -_- e-L - B-w 
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contaminatl5n canrr5l I respiratory protectloci, and a url~alytir pcogram were 

a11 used to wxss and cantml exposure. Yhllr the air analy.ses predicted 

annual eqrosures to werage neat the rrdiaactlvity concentration puZdes, the 

IYRHL Jung counts showed 7cu depositiOn (generally 'less than Z percerrt of the 

neta). A sumation of 25 years of mnltoHng lndi cat&s t)re folk~~ing: 

1. Plutonium and qeptunlum concentrate rn UFti ‘cyl lnder heel s. ft is 

not accessible 

sure tesflng. 

the uid chemi 

mtit the cyl?nder fs washed ?W lnspectbm and pres- 

The potential far personnel expOSLke i’s lm during 

. cal pramsIng of cylinder wash solutions. Procaases 

which WWI~ generate aerosals are avofbed, 

2. Neptunium in UF6 feed tQ the cascade nlll contaabate the ptocess 

qu5pmmt and. its control aust be considered during cascade wind 

tC$?drrrrt .:' “:~rCy@!?Fnt. %!e level af neptunium wrhminatfon can be 

reduced to inzignificmce by the use of cob~?toU~ fluoride traps in 

the Feed 15ne. 

3. Oegosit’icrl of 237Hp in 

equIprent disassembly 

air . sampling because 

particuletes. 

the long fran exposure to dust fm cascade 

and modiUcation was lawer than predicted by 

of tie large site of the dispersed 
. 

. 

4. The %dy courrt” as dwa by the IYRM.was the most direct and most 

reliable expwure rwnftwlng nethod for *'HP expasure. Ske ZS7Np 

YUS present’whmever '239 Pu was found, a negative detemination for 

2%p by s, \r! yq &es? sm*tr?o3 teas also an +ndicatim that t&Ye 

was no s4gni Ficcitt piutcnium dqx3rition. tsxps PUP Peed 2iE?% 

.._--___,___-, ___A -. --- 
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&ta where tb TRU aetlvity uas low compared to umtm, the ?Q _ 

activity in materials ~ccmlble ta esiplcyees was normlIy 2 to 20 

times that at 239PuI . . 

There are varleus systm to convert depasits qr IntaW of radfmacll&s to 

dose units, Conversion factors'for th5t suumary #em taken fran a draft table 
. 

"SO Yr. Cm&ted Dase'Equiralent Facton - RUM/IN Intake' Issued by DOE in 

1965 few popllat1en dase eakulatlons, this uaz used In lltu of the sup- ’ 

plemnt to IWJ-30 Part 1, whiclr does not hava values for %p. 

DOSE SUvMARY - FEED PLANT OPERAloRs 

CalY. 
Selubflity fntake Facts 
Class Imp?-. REwuCi 

mu+238u D 0,082 2.6 

=f+U w 0,073 0.7 

ynp 2.5 x 1r5 490 

z3gPu w . 3.2 x IO4 510 . 

Total Internal SO Tear Cuumltmd 
Dase Equivalent 

Ertwnal Dose {Fib Badge gsma) 

Total Dose (Annual Average) 

0.21 

0.49 

.OlZ 

.17, 

a.88 

U-66 
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The radi.atlm dose recaiwd by personnel cWSng the conversion af 100,ooO tam 

of recycled uranium auerawd I.5 rent per year i ncl udtng the comitbd dose 

equivalent fraa internally deposited tadlaCsotop& Host of the, dose was due 

to the rad7aactWty of fbtufa?~jr occurring Qotapes cf uranium, abut 12 perti 

cent was due to tranwranl.cs and flsslon products. The neptuniura and 

technetQn that passed through the feed plant and was fed to the gasews dif- 

fusion plants added signfficantly to the radfatiun protectfan problems of the 

Cascade fraprovuuent Pragrmns. Most of thf s cmtminati on was rerrnowd during 

these programs. Tke technology for remorinq p’lutonfum, neptunim and 

technetium fmn IF6 with chemfcal trrpt has been demonstrated rnd if used can 

cffectlvely prevent montsmfnation af the wcades, 

. 
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